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I. Introduction
"The purpose of knowledge is to forecast.
To forecast is to prevent.
To prevent is to control.
To control is to survive. " '
In order to control disease and survive, humans have been struggling thousands of
years with the expenditure of human energy and money. We retain the heritage of our
ancestors'
medical knowledge, and develop our accumulated medical technology for
ourselves and our offspring.
Human are still seeking convenient, continuous and accurate methods for obtaining
data that can be read directly from our body in order to control disease. Some of these
methods are: taking urine to identify many diseases , sampling serum to check for
plasma glucose, and applying a sensor to measure blood pressure and pulse rate.
Blood pressure and pulse rate are vital signs of life that maintain the rhythm for our
life; many diseases can be detected and controlled easily by measuring the changes
of these vital signs in our body.
Since ancient time, Oriental doctors have been using a finger to sense the pulse
from the patient's wrist artery in order to establish therapy. Since 1904, Western
doctors have been applying the sphygmomanometer (arm cuff) to detect the patient's
blood pressure.
' Kung-Hai Lung, Sociality (Taipei, Taiwan: Sen-Min Books, Inc., 1980), 1.
Since high blood pressure (hypertension) has been the leading cause of many fatal
diseases in this modern, industrial and stressful world, it becomes imperative to design
an advanced blood pressure monitoring device in terms of continuity, convenience,
accuracy, and availability. This is not just because we need more accurate blood
pressure data, but because we need it to ensure accurate parameters that will enable
sufficient data to be taken from the blood pressure reading even though it fluctuates in
our daily life. An example of the fluctuation is the overestimation caused by the anxiety
of an office or hospital visit (white coat hypertension). However, except for the
cumbersome, heavy, and invasive ambulatory type of blood pressure measurement,
there does not exist a medical product that can provide continuous measurement
throughout the heart's pumping cycle, one of the most important messages in
establishing a patient's therapy.
Tonometry, " a non-invasive continuous monitoring of blood pressure, was first
described tested 22 years ago, but it has been hampered by the lack of a pressure
sensor in the appropriate configuration."2
Semiconductor technology, one of the most astounding technologies in this
century, not only makes the realization of compact computers, medium tools and
automatic controls, but also extends the dream to many new medical technology
applications which might never have been realized. The new Pressure Transducer
Array, which is made of integrated circuits from semiconductor technology, also
reignites the hope of non-invasive continuous blood pressure measurement. This new
technology was successfully introduced by Stanford Research Institution in 1990.
-J. S. Eckerie, "Silicon Pressure Transducer Arrays for Blood Pressure
Measurement," Sensor and
Actuators (IEEE. Apr. 1990), 1070.
Motivation
I chose for my thesis project a Blood Pressure Monitoring System, because I found
it very compelling to be able to incorporate my final thesis project at R.I.T. with my
previous knowledge obtained from working with Taiwan Semiconductor Manufacturing
Company for 4 years.
However, the initial design motivation of my thesis was to apply the Medical
Integrated Circuits Card as a medium for storing a sound personal medical history in
terms of electrocardiolgy (ECG), galvanic skin response (GSR), body temperature,
blood pressure, and pulse rate. After doing many hours of research I came to the
conclusion that if I incorporated all of the above, the project would have been very
difficult to handle.
Considering that situation, with the assistance of my advisors, I narrowed down the
project. Finally, the new blood pressure monitoring system emerged in my mind as
my final thesis project .
Summary
The underlying technology of this system incorporates a sensor identified as
'Integrated Circuits Pressure Transducer'. This system consists of a Blood Pressure
Monitoring Wrist Unit for patients and a Blood Pressure Monitoring Read/Write Unit for
the doctor. The Blood Pressure Monitoring Wrist Unit can be preprogrammed by the
doctor in advance enabling it to hypertension and heart-disease patients, while the
Blood Pressure Monitoring Read/Write Unit can record the data from A patient's wrist
unit into a computer and patient's medical card enabling follow-up the effectiveness of
medication, diet, and biofeedback.
The aim of this design is to create a ' total hypertension treatment' which not only
involves the therapy of the doctor, but also allows the patient to attempt to control blood
pressure through biofeedback techniques.
During my design process, a scientific methodology was introduced as a concept
determinant, and product semantics was introduced as a form and motif determinant.
In addition to the description of the concept and form, the application of human factors
consideration will be explained. For instance, the research I obtained indicated the
convenient, suitable and effective way of wearing the wrist unit for different age
groups, especially, for senior citizens. Application of color and motif will be covered as
well.
The final sections of this thesis is dedicated to the evaluation of the design and
projection of some further applications, including opinions from my thesis committee
and related support specialists.
II. Hypertension and Blood Pressure Measurement
" Blood pressure is a measure of the force liquid blood exerts against the walls of
blood vessels throughout the body during the cardiac cycle, when blood pressure
exceeds an upper limit for extended period, high blood pressure (or hypertension)
exists."3
The Danger of Hypertension
According to the standard of American Heart Association, "high blood pressure in
adults is defined as a systolic pressure greater than or equal to 140 mmHg and/or a
diastolic pressure greater than or equal to 90 mmHg."4 Sustained hypertension,
"America's number-one silent killer,"5 acts in four especially destructive ways:
- Heart attack, or what is called 'myocardial
infraction'
caused by left ventricular
hypertrophy.
- Mortal strokes.
- Eye and kidney damage.
- Atherosclerosis (hardening of the arteries).
J James J. Lynch, The language of the Heart (New York: Basic Books, Inc., 1985), 32.
* American Heart Association, 1991 Heart and Stroke Facts (Dallas, Texas: National Center, 1991) ,
11.
5 James J. I ynch. The language of the Heart (New York: Basic Books, Inc., 1985), 34.
The Prevalence of Hypertension
According to the data from "National Center for Health Statistics" 6 on the percent of
the American population with hypertension among 20 - 74 years age, I list some data
during 1976-1980 below:
Age (All races)
20-74 20-24 25-34 35-44 45-54 55-64 65-74
years years years years years years years
.Hypertension
percentage 40.6% 16.4% 22.0% 34.5% 50.2% 64.1% 69.7%
Due to the application of hypertension medication, the hypertension population
has declined a little in recent years; however, the prevalence of hypertension is still a
serious national health issue. One of the major reasons for this is that the sustained
hypertension population is lacking a general medical tool for enabling people to
control their own blood pressure easily and effectively.
Current Blood Pressure Measurement Tools
The determination of blood pressure is the commonest and most important
measurement which can not be guessed or approximated. The result has important
preventative, prognostic and therapeutic
implication."7 Actually, the measurement of
blood pressure is the most frequently performed quantitative clinical measurement
with an influence on life or death decisions.
! Wrynn Smith, Cardiovascular disease (New York: Facts on File, Publications, 1987), 3.
John G. Webster Design of Microcomputer (Englewood Cliffs, N.J.: Prentice-Hall Inc., 1981), 52.
Generally, there are two types blood pressure measurement that can be performed.
1. Direct (invasive type, continuous result) The liquid-filled catheter transducer
method for measuring the pulsatile blood pressure within the vessels. This
method can always obtain continuous and very high accuracy results. However,
this method is an invasive measurement which is very inconvenient for common
application.
2. Indirect (noninvasive type, noncontinuous result ) This method is commonly
made with a sphygmomanometer, which was first devised by N. S. Korrotkov in
1904. This is the most commonly used method of blood pressure measurement.
However, in order to detect blood pressure data , this application needs to use a
cuff to pressurize the upper arm, which is a very inconvenient operation. Moreover,
it usually needs an experienced person to perform the measuring procedure.
In short, these products are still too cumbersome to conveniently carry and measure
blood pressure data at frequent intervals.
Home Blood Pressure Measurement
Home blood pressure measurement is a useful strategy for involving patients in
their own health care, particularly where they are far from medical care. In addition,
there are some important reasons for the implementation of home blood pressure
measurement :
8- Because even the blood pressure of normal person fluctuates widely, "it is very
important to take blood pressure several times in order to get an accurate
reading."8
-
" It can prevent the response to an office or hospital visit (white coat hypertension)."9
- It can monitor patients' blood pressure from time to time.
- It can establish a more sound medical record.
Hence, it can not be emphasized enough that we require an advanced home blood
pressure monitoring tool that is accurate, convenient and available. Actually, the
design of a portable home blood pressure monitoring tool will benefit both the patient
and doctor in controlling
patients' blood pressure effectively.
James J. Lynch, The language of the Heart (New York: Basic Books, Inc., 1985), 34.
Stephen N. hunyor, Hypertension Management (Philadelphia: Maclennan + Petty Inc., 1990), 6.
III. Blood Pressure Monitoring System
While trying to solve the problem of designing an advanced blood pressure
monitoring system in terms of more accuracy, convenience, and availability, I found
that Japan has already launched some new blood pressure monitoring devices. These
devices can take blood pressure data from a finger section rather than from an arm
cuff. The technology they have introduced is called 'Infrared Photoelectric System'.
However, if blood pressure data is taken from a finger, the result will be very unreliable
because the finger is subjected to outside temperature and is located at the extreme of
blood circulation.
Goals
"
A well-chosen game plan is crucial to achieving ambitious
goals." In order to
design a new blood pressure monitoring system which can offer people more
professional and more reliable functions, I set the following goals:
Marketing niche : The design should be a professional medical product rather
than a conventional commercial product.
Performance: The design should be functionally more advanced than all the
present blood pressure measurement products; to be so, the
design will incorporate some new advanced technologies.
New concept: In order to get more clinical benefits from advanced technology,
the aim of this design is to create a
' total hypertension treatment'
(see fig. 1 .) .
10 Milton C. Cauenstein, What's vour game plan? (Homewood, Illinois: Dow Jones Irwin, 1986), 1.
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Blood Pressure Monitoring
Read/Write Unit for Doctors
Blood Pressure Monitoring
Wrist Unit for Patients
1. PRE-PROGRAMMING
Writer
2 . BIOFEEDBACK & RECORDING
A doctor programs a Blood
Pressure Monitoring Wrist Unit for
a patient.
The patient can monitor her/his body
status via this wrist unit at any time
by just pushing the
'mode' button.
The biofeedback readout also allows
the patient to attempt to control blood
pressure through the comparison of
indication between the given maxi
mum warning target value, present
value and the average of last 1 5
records.
Meanwhile, this unit will record
blood pressure data from the patient
periodically according to the doctor's
program.
^ilRead
3. ANALYSIS & THERAPY
After a period of time tne patient
will need to check with her/his
doctor. The doctor interprets the
data read from the patient's wrist
unit via a Medical Data Read/Write
Unit in order to determine
diagnosis and guide therapy
accurately.
I
4. A Sound Medical Histoy
A medical card given to the patient
from her/ his doctor will be kept
as a sound medical history.
write i^
.
Medical Card
Fig. 1. Flow Chart of Total Hypertension Treatment
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The design will incorporate biofeedback techniques which not
only involve the therapy of doctor, but also allow the patients to
attempt to control their own blood pressure easily and
effectively.
In order to fulfill the strategy of 'total hypertension treatment', this system is
composed of a Blood Pressure Monitoring Unit for patients and a programmable
medical Read/Write Unit for the doctor. Therefore, I established a list of goals for each
unit :
Goals for BP Monitoring Wrist Unit
- As a medical product, performance will be the primary factor for design
consideration; therefore, the product will be designed based on some advanced
technologies which are more reliable and speedier.
- The appearance, form and color of this product should not only let people relate to
it as a medical product, but it also should be attractive as a commercial
product.
- In order to use this product on a daily basis, the product should be lightweight,
compact and portable.
- In order to use this product from time to time, the operation of this medical product
should be very easy.
- In order to assist the majority of users, senior citizens, a suitable size of display,
button and operation area should be designated while maintaining the
compactness of the unit. Text on the display should be also large enough to be
12
easily read.
- As a medical product, it should be easy to clean and maintain.
- In order to execute the concept of 'total hypertension treatment' and assist
patients to control their own body step by step through biofeedback techniques,
the unit should display a present blood pressure, the average of last 15 readings
and a biofeedback indication simultaneously.
Goals for Blood Pressure Monitoring Read/Write Unit
The Blood Pressure Monitoring Read/Write unit for use by doctors must meet some
of the same goals as the patient unit such as being easy to use, clean, and maintain. It
also must meet the specifications listed below:
- In view of the limited available space in most
doctors'
offices, the Blood Pressure
Monitoring Read/Write Unit for doctors should occupy a minimum shelf or table
space. Therefore, a vertical type read/write unit will be desirable.
- The Blood Pressure Monitoring Read/Write Unit for doctors should have enough
infoutput ports for connecting all its peripherals. To do this, the unit should have a
Medical IC Card slot, a coaxial data port connected to the BP Monitoring unit for
patient, and a parallel port connected to a computer display.
13
Biofeedback
" Biofeedback brings together innovative procedures which enable an individual to
learn control over some processes over which he/she previously had little or no
control."11
Nowadays, more people have come to realize that long term stress and anxiety is
one of the major causes of some diseases such as peripheral vasoconstriction,
migraine, heart attack, and hypertension. This the reason why a lot of diseases can not
be cured effectively until patients can play an active role in their own treatments
through biofeedback training.
Zen and Yoga are two well known self-body control skills developed in the ancient
East. These skills can enable people to relax and control their own bodies through
meditation. However, most Western people consider skill of this kind a sort of
supernatural power which is too difficult to understand.
* Biofeedback, a new area of research called behavioral medicine, has provided
valuable information on ways the body and mind can work together. With the help of
biofeedback ordinary people can duplicate one of the
'tricks'
of Eastern mystics."12
Hypertension reduction is one of the medical applications of biofeedback which
has aroused the most interest in the treatment of high blood pressure. Considering
this, I realized that a blood pressure monitor which can combine the use of electronic
" American Psychiatric Association, Task Force Report 19 (Washington, D.C.: American Psychiatric
Association, 1979), 8.
11 Weiss, Biofeedback (New York: Franklin Watts, 1984), 24.
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and biofeedback techniques to provide information for the patient and doctor, would be
very desirable.
Before introducing the biofeedback function into to the design, it is necessary to
further define biofeedback according to Alvin P.Shapiro's book of Biofeedback and
Serf-Control:
Biofeedback is " use of modern instrumentation to give better movement to
movement information about a specific physiologic process that is under the
control of nervous system but not clearly or accurately perceived. In the
terminology of 'Servo
System'
such information has been called feedback,
such information about biological process is called biofeedback."13
I found that in order to make a successful biofeedback application, the design will
need an objective measurement method to guide patients to learn and reproduce a
biofeedback pattern whenever they need it.
I found many methods. Some of these methods were binary (yes/no) feedback and
some were statistical digital feedback. I chose the most suitable biofeedback
technique, "the control of blood pressure using pulse wave velocity
feedback."14 This
technique, which is still in the experimental stage, incorporates a target setting for
guiding patients to increase or decrease their blood pressure at each reading.
Ji AJvwi P. Shapiro, " Behavior Method in the treatment of
hypertension," Biofeedback and Self-
Control (New York: Aldine Publishing Co., 1979), 33.
* Andrew Steptoe, "the control of Blood-Pressure using pulse wave velocity
feedback,"
Soffredback and Self- Control (New York: Aldine Publishing Co., 1979), 57.
15
In pursuit of the goal of 'total hypertension treatment', I decided to incorporate in
my design a present blood pressure reading, a memory record of last 15 readings, and
a target setting for the biofeedback display.
The interesting point of this target setting is not that it can be set in advance, but
that it can be preprogrammed in different values in accordance with the progress of
one patient in a period of time.
16
IV. State of the Art
In order to find a more accurate, convenient, and portable type blood pressure
monitoring device, I needed to find out a new technology which can fit the
requirements.
Arterial tonometry,
"
a non-invasive continuous monitoring of blood
pressure"15
,
was first described and tested 23 years ago, but its development has been hampered
by the lack of a pressure sensor in the appropriate configuration. Arterial tonometry is
a technique for blood pressure measurement that uses an array of pressure
transducers pressed against the skin overlying an artery; a non-invasive continuous
monitoring of blood pressure by measuring the force that is exerted by the blood
vessel and transmitted through the skin to a sensor above.
New Pressure Transducer Array
In recent years, a new sensor fabrication which incorporates silicon micromachining
technology has been developed which address both the performance and
manufacturing issues that have long discouraged commercialization of the arterial
tonometry. What began 23 years ago as a dream is now reality, as Stanford Research
Institute people have now experimentally proven; the new application of pressure
transducer array blood pressure measurement can replace the function of an arterial
tonometry for accurate blood pressure measurement.
s J. S. Eckerie. "Silicon Pressure Transducer Arrays for Blood Pressure
Measurement," Sensor and
Actuators flEEE. Apr. 1990). 1070.
17
For accurate pressure measurement, the transducer array must be smaller than
the underlying artery, which is smaller than 2mm.
Because this new pressure transducer array is an integrated circuit based on
semiconductor technology which can accommodate several tiny sensor circuits (each
sensor unit is 0.25 mm dia.) in a small chip easily, this device can meet the
requirement of accurate pressure measurement.
Furthermore, In order to get the blood pressure data the measurement still needs a
sufficient hold down force, around 100mmHg, for getting good contact between the
sensor strip (4.1 by 70.0 by 0.8 mm) and the superficial artery on the patient's wrist. I
will explain this part in the next section.
Performance of each blood pressure measurement method is as shown below:
Measurement name
Liquid Riled Transducer
method / result
invasive/
continuous wave
measuring
position
within
vessels
measuring
time
> 1 hour
k4anual Sphgmomanometer non-invasive/ arm-cuff < 30 seconds
only greatest point
Automated Sphgmomanometer non-invasive/ arm-cuff
only greatest point
> 45 seconds
New Pressure Transducer Array
(New arterial tonometry)
non-invasive/ wrist artery
continuous wave
< 10 seconds
18
Basically, the arterial tonometry differs from the familiar sphgmomanometer in that,
rather than measuring the pressure only at greatest contraction and greatest heart
dilation (systolic and diastolic), it provides continuous measurement throughout the
heart's pumping cycle, which is very important data for establishing diagnosis.
We can see that the new pressure transducer array provides more benefits such as
increased accuracy, convenience and speed, than conventional sphgmomanometer.
Miniature Cybernetic Actuators
In order to apply the new pressure transducer array strip for detecting blood
pressure from the patient's wrist artery, it is very important to get a sufficient and
automatic contact force between the sensor strip on the product and the superficial
artery on the patient's wrist. For the purpose of producing a hold down force
automatically, I found from a IEEE magazine that a new device currently being
developed called "Miniature Cybernetic
Actuators"16
can fit the requirement well.
Miniature Cybernetic Actuators are driven by a piezoelectric device which is a very
low power consumption product. It can produce four different states such as free,
increasing, decreasing and locked, which can be incorporated with a sensor detection
to execute some sophisticated applications accurately.
'* Shufi Yamazumi, "Miniature Cybernetic Actuators using Piezoelectric
Device," IEEE Micro
Fleeter Mechanical System (Nara , Japan, 1991 ), 131.
19
In fact, Miniature Cybernetic Actuators, which are actually very samll robots, are
designed for medical use because they have some special traits such as:
High reliability, accuracy and safety.
Medium/ Small range power/ speed.
Miniature size.
Therefore, Miniature Cybernetic Actuators can satisfy the needs of an automatic
force on the patient's wrist because these actuators have unique characteristics similar
to the human muscle system and are suitable for biomedical application. Further
miniaturization and improvement of basic performance is expected.
20
V. Design Development
"Everything is
design,'*1
said by the design master, Victor Papenek, is an
insightful saying which illustrates that everything in our world is related to design, "in
Its broadest sense, design is the conscious creation of forms to serve human
needs.'*6
In short, design is the integration of human thoughts and behaviors.
To be successful, before a design occurs, the nature of the problem must be well
understood so that the design purpose can be shaped to realization. To be effective, a
design must begin with innovative thought followed by intelligent development.
Consequently, the first part of this section will be dedicated to the discussion of
the way to produce a new concept in terms of thought, innovation, ideas and scientific
methodology. The second part of this section will discuss the form development in
terms of human factors and product semantics.
Thought is a sophisticated, conscious process which occurs because of the
need to solve a problem. In order to manipulate the real situation, thought can be
envisioned as a model of thinking to anticipate and rehearse the scenario of solving
the real problem. It can be in terms of languages, signs, symbols, mathematics,
graphics, or forms. The purpose of human thought is to plan, foresee, facilitate,
manipulate, and create. The most precious part of the design development is then to
use one's thought to solve a problem effectively.
^Jochen Gros. " Reporting Progress Through Product
Language," Innovation, ID$A (Spring, 1984),
10.
'* Klaus Krippendroff and Reinhart Butter ,
" Exploring the Symbolic Qualities of
Form,"
Innovation,
IDSA;Sprino. 1984 ), 4.
21
Innovation, the foundation of design development, is sometimes produced by:
1. Passive thinking: the regeneration from-- (1) Modification an existing idea (old con
cepts combined in a new and useful way), (2) Memory (experience or knowledge),
(3) Observation (any outside medium).
2. Active thinking: The process of going to a very basic point and inferring a very far
point.
3. A system approach of design development: 5W/1H method (please refer to page-
22).
After a valuable design idea is found, in order to realize the idea in a useful form to
serve human needs, it is necessary to incorporate some basic parameters: human
factors performance, function, user interface, and the esthetics of lifestyle and
harmony-
Concept Development
It seems to me the most difficult and interesting part of the thesis research is how
to procure a good concept based on a feasible prediction. The challeng is to design a
product that can get blood pressure data accurately and effectively in terms of a proper
test location and a good test method.
I haw proposed three different design concepts. These concepts were evolved
over the course of time rather than proposed simultaneously.
22
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Concept 1: "Desk top
type"
The first design concept is a desk top type. In this concept, blood pressure and
pulse rate data are taken from a finger of a patient. The read/ write function, medical
card device, and information display are all included into a product of note book size.
After I developed a series of designs of the desk top type, I found this concept was
hampered by 3 main issues.
1). In order to measure blood pressure data accurately, it is necessary to take the data
at the same height as the left ventricle. Due to the different torso heights of each
patient, it becomes very complicated to decide a proper product height which can
fit every different situation properly.
2) If blood pressure data is taken from finger, the result will be unreliable, since
the finger is subject to outside temperature and is located at the extremeites of the
of blood circulation.
3) Because in this concept all related functions are included into one product, the
design becomes cumbersome. It is also very redundant that the patient and the
doctor each need to have their own set of the same product.
Concept 2: "Wrist type-l"
Considering some problems of feasibility in my first concept development, I began
the second concept development . This concept is based on a functional analysis:
24
the product is functionally separated into two main parts: one is for the doctor, based
on the read/ write function; the other one is for the patient, based on recording blood
pressure data. Hence, the design becomes a professional medical product rather than
a commercial product. Since the basic function of the patient's unit in my Blood
Pressure Monitoring System is only to record, a compact and portable type of design
would be very desirable. Thus, a wrist type of design was introduced. In this concept,
the sensor , which is used for testing blood pressure data, can then be worn like a
wrist watch. In comparison to Concept 1 , Concept 2 does have more benefit.
1) It will be a more convenient operation for all persons if the product can be worn like
a wrist watch. Most people are used to wearing a wrist watch.
2) It is more suitable for carrying and recording blood pressure data from time to time
for most patient users if the product can be made like a wrist watch.
After the design was defined as a wrist- type product, the problem faced was then
how to get a sufficient contact force between the sensor strip on the product and the
superficial artery on the patien'ts wrist. In this stage, many ideas were introduced such
as using the patient's finger to press on the contact area, and a manually controlled
mechanical clamp to produce the required hold down force. Yet, the design
development was still pending, because all these ideas were very uncertain about
delivering a desirable contact force.
25
Concept 3: "Wrist type-ll"
In Concept 3, an innovative idea was introduced. This concept is based on an
assumption that by just pushing a button on the contact area, the blood pressure
monitoring product would then produce the hold down force automatically. After some
research, I found a newly developed device called 'Miniature Cybernetic
Actuator'
made by a 'Piezo device', it can fit the requirement for producing an automatically
required hold down force. In so doing, not only would the required hold down force
problem solved but it also would make this product more functionally advanced than
all the present blood pressure monitoring products. In addition, it would provide the
product with more freedom in form development.
So far I have only discussed the concept development of the wrist unit of the
system. Actually I had progressed with some development sketches(see fig. 2) of the
Read/ Write Unit simultaneously. At first, considering the limited available space in
most
doctors"
offices, a Blood Pressure Monitoring Read/ Write unit should occupy a
minimum of shelf or table space. Therefore, a vertical insertion type design would be
desirable. The medical card would be inserted vertically and all the required
peripheral ports would be vertical as well. After developing some idea sketches, I
found that the main problem of a vertical type of Read/ Write Unit was its stability while
operating.
In order to produce a more stable operation, the Blood Pressure Monitoring Read/
Write Unit for the doctor was modified by adding a stable base and also making a 45
degree slot for more convenient insertion of the medical card.
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Considering the advantages and disadvantages of these 3 concepts I decided to
use the final concept, because in the final concept the product could be used
regardless of place and time. A hypertension patient could use it by just pushing a
mode button, or a preprogrammed memory could record and display the blood
pressure data automatically (see fig. 9).
Form Exploration
*
Form; in the narrow sense, is the boundary between one surface and another:
that is its external meaning. But it has an internal significance, of varying intensity;
and property speaking, form is the external expression of inner meaning."'9
To express a product is to present a concept, a revelation, and a life style. Since
form is the only vehicle of visual expression, a designer must convey his energy and
spirit into the forming process passionately. Hence, the first step in my form
development is "don't think of form but forming.'20
The second step of my form exploration is based on the axiom, "form follows
function" to create a product whose form is function. Then one should apply one's
intention to direct one's energy into forming a dynamic expression such as rhythm and
asymmetric form; and also one should create a spiritual totem through forming an
appealing motif.
'* WassSy Kandinsky Concerning the Spiritual in Art ( New York: George Wittenborn, 1974), 47.
20 Max L ii. The theory of Modern Art (Taipei. Taiwan: Sen -Min Books, Inc., 1988), 113.
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Therefore, a product is instilled with one's life from inside to outside. The third and the
last step of my form exploration is based on "simplicity is beauty" to create a concise
form in order to purify and amplify the essence of the product clearly.
Naturally, when a user encounters the product, he can infer the meaning of that
product by observing the outside layer of form expression and the inside layer of
energy and spirit. Thus the designer can really communicate to his user through the
form expression successfully.
Unfortunately, a lot of commercial products make people feel more confused and
repulsed by reducing their performance and complicating our lives. Therefore, a
return to nature and the simple is becoming more imperative. This is the reason that
although many electronic wrist watches possess multiple of functions, they are too
difficult for most people to manipulate. Yet, a successful simplicity is still needed to
combine innovative function with an attractive appearance. Most of all, in order to
enrich the user interface the simplicity should also embody a meaningful expression of
both the outside operation and the inside function clearly. Hence, in my thesis
research the product metaphor and semantics were also introduced as a form and
motif determinant.
"Product semantics is the study of the symbolic qualities of man-made forms in the
context of their use and the application of this language to industrial
design."21 In
order to enhance the meaning of a product, the information display, graphic elements,
form, shape, texture and an indication of a product's internal operation are very
critical-
*' Klaus Krippendroff and Reinhart Butter, "Exploring the Symbolic Qualities of
Form,"
Innovation,
IPSA (Spring, 1984), 4.
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-ly important. It is because "Indication of a product's internal status gives the user
some Ideas of how that object might work internally without having to take it apart. In
short, product semantics(product language) turns a 'Black box' into a 'Glass box. 'C2
In order to define how the surface can best express the function of a product, I
started with the semantics transfer in many verbal descriptions. Some of these are
"blood pressure wave", "blood flow", "'information flow", "pressure sensor" and "cardiac
performance". Among these ideas, I found the description of "cardiac performance"
would be more meaningful. Hence, a positive 45 degree slope line was introduced as
the metaphor of cardiac performance. Because it not only represents "the more blood
pressure rise the more heart load will be needed", but it also can communicate the up-
and-down indication of the design of the biofeedback display efficiently. Moreover, it
will establish an identity for both the Blood Pressure Monitoring Read/ Write Unit and
Wrist Unit.
Based on the motif of the 45 degrees, I began many idea sketches(see fig. 3). The
main purpose of these development sketches was is to seek a compromise between a
suitable size of display, button and operation while maintaining the simplicity and
compactness of the product. In order to save space and increase simplicity, I decided
to use only one button in my design to execute all required functions.
After the major form was decided, I then started to take an overall look at my
design. Because my design is a system composed of 3 individual units rather than
only one single product, I began to develop the relationship between each unit in the
system.
"
ibid. 7.
30
Fig. 3. Concept Sketch of the Wrist Unit
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1) Blood Pressure Monitoring Wrist Unit for patients.
2) Blood Pressure Monitoring Read/ Write Unit for the doctor
3) Medical History Card.
For the purpose of highlighting the relationship between each unit, I have applied
some basic principles of formation:
Uniformity : In order to show the relationship of same genus, every unit repeats the
same dynamical motif of the 45 degree slope line.
Rhythm : In order to get a movement feeling, some repetitive intaglio lines were
used to express the sense of rhythm.
Harmony : In order to balance all these 3 different units well, a related harmony of
geometrical contrast was applied as an individual form determinant.
Human Factors Consideration
Human factors is also one of the most important considerations in determining
form. In order to get a better performance, every component of each unit in the system
was analyzed accordingly. Generally speaking, the efficiency of performance is
based on the minimum input and maximum output. Buckminster Fuller's goal of
"doing more and more with less and less" could be the best interpretation of designing
an efficient product.
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1) Blood Pressure Monitoring Wrist Unit for patients.
Even though the product is worn like a wrist watch, because the wrist unit need a
long sensor detection area, the shape is totally different from conventional watch;
hence, the wrist unit has a wider and more asymmetrical strip (see fig. 9 in appendix ).
In order to read blood pressure data correctly the instrument sensor must be placed
over a superficial artery; typically
" the radial-artery pulse point at the wrist is one of
convenient sites for blood pressure sensor measurement"23 . For the purpose of
covering all different sizes of wrist circumference, a suitable length of sensor strip is
required. After a research of the required length, I found 2 3/4" will fit most users well.
Moreover, based on "the minimum part of wrist circumference of adult and male and
female"24
, and the special requirement of sensoring detection area, the wrist unit has
to be designed with 2 different strip sizes:
Normal size: 8 3/8"
Small size : 6 1/2"
Another human factors consideration was also found very important in the design
of the wrist unit. Because the structure of the ulna bone, which always protrudes above
the wrist, it becomes very uncomfortable for people need to wear a wrist unit that will
cover and compress the protuberant ulna bone area (please refer to figure-4). A
solution to the asymmetry of form, a triangle indentation on the wrist unit, was also
used to provide the contact on that area. Incidentally, this triangle indentation also
helps the design bolder, modern, and appealing.
" J. S. Ecfcerte, J. S. Eckerie, "Silicon Pressure Transducer Arrays for Blood Pressure Measurement,
Sensor and Actuators (IEEE. Apr. 1990). 1070.
* Lloyd W. Sahley, Dimensions of the human figure (New York: Basic Books, Inc., Publishers, 1957),
35.
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Ulna bone ( it awlays protrudes above the wrist )
"f^>
Radius bone
( the blood pressure
data will be read
from radius artery )
Fig. 4. The bones of the left hand wrist
That senior citizens will be the primary users is one of the most important
parameters of my design, therefore:
An interlocking device was introduced as a more convenient wearing operation.
Only one control button wasc used for easier operation.
Text on the display was large enough to read easily.
Another human factors consideration is the frequency of use. Therefore, the
connector port of the wrist unit was placed on the side of strip. After all these
parameters were taken into consideration, a mock-up was made to test its feasibility.
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2) Blood Pressure Monitoring Read/ Write Unit for the doctor
The basic human factors consideration of the Blood Pressure Monitoring Read/
Write Unit user interface. For instance; in order to guide the user to use the medical
card slot port easily, the 45 degree repetitive motif line was used in relief for
expressing the operating direction and semantics of function.
3) Medical History Card.
The size of the Medical History Card is the same as a credit card, which makes it
very suitable for carrying and storage.
Motif and Color
"A shape, a volume, a color, a surface is something itself. It shouldn't be
concerned as part of a fairly different
whole.",25
Motif and color are also very important attributes of a new product. The
general
motif of the Blood Pressure Monitoring System is the 45 degree slope line which was
mentioned before. By adding a horizontal element, a new, related motif was
developed. This motif was applied in relief on the wrist strip.
Paire n Kitm Contemoorafv Art ( Enqlewood Cliffs, N.J.: Prentice Hall, 1992), 93.
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The new motif is a 'V shape with continuous line to express the inside function of
the strip, which means the strip area will create an automatic hold down force from
linear miniature cybernetic actuators.
The color scheme was applied according to the meaning of each component.
Generally speaking, most medical product is color related a sanitary feeling and tends
to be white or blue. Nevertheless, in order to highlight the specific function of some
components in my design, I have also applied some other colors:
The Main body of each unit is ivory white ( for expressing a sanitary and elegant
feeling ).
The screen of the wrist unit is cyan ( for expressing a soft and relaxed feeling).
The Biofeedback display is cold gray ( for expressing a high technic feeling).
The
'mode"
button is amber (for expressing a highlight feeling).
ultimately, the design development of each unit in the system was determined by
the motif, color, product semantics, human factors, and procedure of my form
exploration. ( Please refer to the fig. 6, 7 and 8 ).
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VI. Product Description
The Blood Pressure Monitoring System consists of three parts:
Blood Pressure Monitoring Wrist Unit.
Blood Pressure Monitoring Read/ Write Unit.
Medical Card.
Each unit of the Blood Pressure Monitoring System is composed of some advanced
electronic components. Most of these sophisticated components are now under
development and will be marked very soon. The following is the description of physical
makeup for each unit:
Blood Pressure Monitoring Wrist Unit.
The Blood Pressure Monitoring Wrist Unit consists of three major parts:
An LCD(Liquid Crystal Display) display area.
A flexible strip.
An l/0(input/ output) device.
The display area has a biofeedback display, and a
'mode'
control button. The
flexible strip contains an integrated circuit pressure transducer array, the miniature
cybernetic actuators and an interlocking device. The input/ output device contains
some memory chips and an I/O port.
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- The LCD(Liquid Crystal Display) screen area.
The function of display area is to execute the biofeedback indication which includes
the present, target, and an average of last 15 readings. The display area is made of an
LCD screen which is lightweight, thin, durable, and suitable for many portable
products. In addition, it is relatively inexpensive to produce and does not consume
much power.
The explication of each biofeedback indication on the display screen is shown as
page-38.
- The flexible strip.
Thanks to the "semi-transparent housing of thermoplastic"26, which protects the
internal mechanism, IC pressure transducer array, and the miniature cybernetic
actuator, the product components can then be encased in a single flexible body to
perform the automatic hold down force and the detection of blood pressure on the wrist
artery simultaneously. The flexible plastic strip, in addition to being able to
accommodate many required components, can be made active by design,
transforming the wrist unit into a purely esthetic object; furthermore, its flexibility also
makes it possible to fit any shape of patient's wrist comfortably.
24 Exb Manzin, The material of invention (United Kingdom: Design Concil, 1989), 229.
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BIOFEEDBACK INDICATION
MODE: Via pushing the
'MODE'
button patients can see
the maximum, target, now,
and Average value of systolic and
diastolic readings individually.
MAX. : It indicates the target
that is programmed
by doctors in advance.
Patients can attempt to
control their blood pressure
through the comparison
between each blood pressure
reading and maximum
target value.
NOW : It indicates the patient's
present blood pressure.
AVG. : It indicates an average
memory record of last
15 readings.
Fig. 5. Biofeedback Indication
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- IC (integrated circuits) pressure transducer array.
The predominant component of the blood pressure monitoring system is called 'IC
(integrated circuits) pressure transducer array'. This is a preeminent electronic
component made possible by the CMOS(complementary metal oxide semiconductor)
technology. " In the transducer array, a single, very long diaphragm is used with an
array of pressure sensing elements spaced along it, each element sensing the
pressure applied locally by the skin. The device has overall dimensions of 4.1 by 10.0
by 0.8 mm. A single silicon diaphragm 250 urn wide, is etched from the back of the
chip. Connection is made with flexible print-circuit cables to the two sides of the chip"27
. These cables connect to multiplexer and amplifier chip mounted in the tonometry
sensor assembly.
In order to cover all different kinds of wrist circumferences, a suitable length of
sensor strip is required. A length of 2
3/4"
or 7 slices of transducer arrays (4.1 by 70.0
by 0.8 mm) in series assembled within the flexible strip was decided.
- I/O (input/output) device
Storage of the programming data and the blood pressure records requires several
IC memory chips mounted on a small, flexible printed-circuit board within the flexible
strip. In this design some advanced DRAMs( Dynamic Random Access Memory),
which are very high speed and very high density (64 Megabytes), are put in the wrist
unit for the storage of required data.
J.S. Eckerte. "Silicon Pressure Transducer Arrays for Blood Pressure
Measurement," Sensor and
Activators (IEEE, Apr. 1990). 1071.
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A newly developed I/O device called coaxial cable line is used for communicating
the data between the wrist unit and the read/write unit. "The data transfer speed of the
coaxial or twisted-pair cabling is faster than a parallel port and is far, far faster than
using a serial
port."28 Hewlett Packard Co. is now developing this technology and will
publish this application very soon.
The Blood Pressure Monitoring Read/Write Unit:
The Blood Pressure Monitoring Read/Write Unit consists of 2 parts:
- A Medical Card slot.
- I/O ports.
The I/O portion of the of read/write unit contains a coaxial port connecting to the
wrist unit, a parallel port connecting to computer station, and a 110V power cord. The
internal components include a power supply, data processor and some other
electronic circuits.
Medical Card:
"The semiconductor Memory Card, commercially introduced in 1987, is a type of
so called "smart card.'3 which is composed SMMC (surface mounted memory chips)
and supporting circuit. These cards have both read and write functions, and their
storage densities have reached 6 megabytes; some higher capacity memory cards are
also exsected.
-* PC Magazine I Nov. 26. 1991), 113.
-"*Pai Fr^ncer. * A Re Manager for Memory
Cards," IFFF in Medicine & Biology ,131.
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The Memory Card can be used as a substitute for floppy diskettes to contain
business transaction records or patients' medical records. In my thesis research the
function of the Memory Card is only focused on the record of blood pressure, pulse
rate, and some basic medical history for the patient.
Although a wider application of the Medical Card is now hampered by international
standardization and the security of accession, its benefits will soon encourage people
to solve all the obstacles so that it can become indispensable in daily use for
everyone.
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VII. Conclusion and Evaluation
Every year in this modern and stressful world, countless senior citizens and many
young people die because of various fatal diseases related to hypertension. However,
many people don't possess any appropriate device to help them to monitor their blood
pressure. These reasons led me to design the Blood Pressure Monitoring System as
my thesis project. The design not only allows patients to control their blood pressure
through biofeedback techniques, but also lets the doctor guide therapy accurately
through the Medical Read/ Write device and Medical Card.
Along the way in research, my thesis committee and many medical specialists have
helped me to approach the project more realistically. The response to the design from
medical specialists is very positive. They are glad to see a portable blood pressure
monitoring device which can be worn like a wrist watch.
Because daily fluctuations in a patient's blood pressure can render a single reading
misleading, and a continuous blood pressure wave reading is more valuable than a
discontinuous blood pressure wave reading (only greatest point reading), the design
can provide medical specialist medical specialist with an accurate picture of their
patient"s true condition. Additionally, some thought that this design would be especially
vital for those patients who need to control their borderline hypertension or
predominant labile hypertension from time to time.
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In order to gain a marketing advantage, the design combines both innovative
function and an attractive appearance. The motif of 45 degree slope line repeated on
each unit of the Blood Pressure Monitoring System was appreciated. The repeated
motifs make the appearance of this design more unique, dynamic, attractive and
meaningful.
Yet, because some research of this design was based on assumption, somethings
will need more study-- such as the appropriateness of applying the miniature
cybernetic actuators as the automatic hold down force for wrist unit, and the
sufficiency of power supply on the wrist unit. Furthermore, due to the size of display
screen on the wrist unit , the blood pressure data and pulse rate need to be displayed
one by one in sequence, which is very inconvenient for reading the required
information simultaneously. The other shortcoming is that the initial cost will be very
high because the design is made of several expensive components; thus in the
beginning patients will need to lease the Blood Pressure Wrist Unit from the doctor
rather than purchase it by themselves. Nevertheless, because the pace of developing
the required technology is accelerating, this product will eventually become affordable
for patients to purchase.
Because of the requirement of simplicity, this wrist unit has only the function of
displaying blood pressure and pulse rate. On the other hand products that can be
worn like a wrist watch will soon allow designers to add further functions to the wrist
unit such as time, basic personal data, memo, simple road maps, and the receiving of
TV etc., . In short, there will be a the tendency to multi-functional wrist watches as we
approach the 21st century.
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Through the thesis project, I sense that the mission career of a designer is to
envision an advanced solution and to utilize new technology to serve human needs
effectively. I also feel that the reward of design is not only the result, but also the
design-making process itself; actually, an inalienable part of a designer's life.
For me, the completion of this thesis project is not an end, not a stopping, but a
begining of my valuable design career.
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Appendix..
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Fig. 6 Mock-up of the Blood Pressure Monitoring System
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